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1. Purpose of Investigstion, | T
The aim of the work being cooducted under Grant NeG-604 is to provide
mwmmpmburu.dmmmmum

oxide, in
| mmmmmmmmnwmmma
apmccg.mn:m.matsocmsoc. In addition, tha antibecterial
aotivity of etiylems oxide coupled with ummmmumm
mmmwmmmmmnm;mwm»w
mond toe otmmuwhnnmmmam A
mmmmuwmmnnmmmmu
soc,ummzmn,mamyum A third improvement in the
MWmdfMtptﬂoM&dammmmmw
line, Sterilisstion af the yrecirculated air is now sssured, Ammm
transducer (peak = 34.8 ke/sec) has besn ivcorparsted into the apperatus.
3o mmamMMmmmwoerummm.

mMMMMMemﬂMcmmwnf
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(1 Janmary 1965 « 30 June 1965). In the latter report, data was presented which |
demenstrated that statistically significant reductions in viable counts of

B. subtilis wvar. mm.pmible by exposing spores to sonic and unitrasonio
irrediations. In view of the fact thet more significant data was obtained with
ultrasonic than ﬁth sonic waves, additional experiments were designed to
inelude ultrasonic irrediat.im of B, subtilis var. ;n}_ggg spores at k:lghar

, twpmtms. 5
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An ultrasonic sound source (Friodman Horn) with & peak emission at
34.8 ko/sec wms employed, Spares of B, subtilis var. niger wore irradiated for
periods of from one to eight hours, The spore-containing paper strips ware
located at 1,0, 3.5, 5.0, and 9.5 inches, respectively, from the sound sourcs,
mlptmsthedauobmlemnspmammmamuaw
of S0 C and a relative humidity of hof. - S

Tabls 1. Average counts (X 10%) of B, subtilie war, apnreswoaedt“
ultrasonic 1x-ra§1ation (3.9 %miaﬁo %g‘_ °

Hours Distance from Transdncer, inches ,
-2 S 5. . .0

1 1.57 1.51 1.k 1.32
2 . L5 1.37 .29 1.k
I w8 ogse oo
8 Le17 1.26 0.69% o‘.zs»

¥ denotes statistically significant value at 99% level of certainty.

Statistically significant reductions in the viable count were obtained
only after 4 and 8 howrs irradiation with the test samples located at 1.0 and
3.5 inches, respectively, from the sound source. Comparing thess results with
those obtained when spores of B. subtilis var, niger were irradisted with ultra-
sonic wam at 4O C (Second semiwanmual report, 1 Jamuary 1965 - 30 June 1965),
it is obvious that fewer significant walues were obtained at the higher temperature
(50 C). Thus, it would appear that the antibacterial ectivity of ulirasonic

irradiation is enhanced by Iower tewperstures.
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In addition to { values, the data obtained at 50 C were expresssd in
terms of percent roduction of visble count. Figure 1 again demonstrates that
reduction in count was directly related to the period of irradiation and the
distance of the sampls from the transducer. The most slgnificant result oecurred
when spores were sxposed to ultrasonic waves for 8 hours at a distance of 1 inch
fromthésomd source, Increasing the distance of the test sample from the sawmd
souwrce resulied in lower reductions in the viable count, 7

mimugaumﬁmmlmofamtmofwcma&b'
sonic irradiation of spores of B, subtilis var, niger was also imitisted.
Although the resulis are as yet incomplete, irradiation of B. subtilis var. niger
spowéat&ﬂat#dis’taweaflimhftaﬁ:eaaundsmeoindicnteless |
significant k11 than at either 50 € or 4O C (Table 2). ,
Table 2. Average counts (X 10%) and % reduction in viable count of B, subtilis

var. niger spores exposed to ultrasonic irradiation (34.8 Ee/sec) at 60 C.

Hours Distance from Transdocer % Roduction in
| 1 inch Viahle Count
1 1.30 o
2 12 i
hf? . 0.96 : | ot Fr
8 0.91# 28

# denotes statistically significant valve at 99% lewel of certainty.
Tt wonld sppear, based on results obtained previously, that as the
distance of the sampls is increzsed from the gound source fewer slignificant

reductions in viable count ean da axpacted,
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ho Effect of Ethylene Oxide and Ultrasenic Irredistion on the Spores of
ns subtilis var, 8{.591'. i

Et‘fowts to sxplore the pcssible use of ultmaaie irradiation :m 7
can;}unctim uit.h ethylene axide treatment are can'i:inuing In a previms mpm_ .
o {zmcom mwamaal mport, 1 Jammry 1965 30 Juzm 3.965), 1t was shom mat
‘sutistieally ai@ificant values mare racorded v.zhm both agents vere used :

smultamwsh'. of imortanea wes the fact that platc counts with ethylene oxida
alone, at levels e.f 125 and 250 mg/liter, were significantly higher then csmats
obtained with the same concemtrations of sthylene oxide but with ultresonic waves
epplisd, attmtu to duplicate t,hesa results have not alms proven fraitfm

‘ ‘rhagmtestproblmappemtnhemmmsttmto&nmm, inlaaa
‘than 1 ml amounts, with high accuracy into the test chamber. The high mw.imy
ou.a“wm m&pmmzaamum cbstaole to achieving this end.
Comequantly, 2 method has been devised for more accurate delivery of the E0,
Bather than adding ETO %o the test chanber with a pre-cooled syrings, the ETO is
now dispensed in measured aligquots into small test tubes, The latter meqnipm
vith perforated screv-csps over a tightly fitting rubber disphragm, Prior to |
making & test mm, the tube with the Mzmmiapmupmﬁmtadanm
| mwmmm Volatilsation ocours and the ETO 1s quantitatively
trmtmtomm mmmmmmmmorm

‘ ﬂtrm.s have shoun significant mduetiana in viabls count when ET0 is coupled n:t‘th

uxmm Table 3 illustrates sows reopresentative data.
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. The vesulta obtained thus far indicate that the application of air-borne
ultresonic waves to spores of B, mbtilds var. niger will, under certain
conditions, cause aignificant reductions in the population. The extent of |
reduction 1s directly relsted te the period of irradistion, as well as the
distance of the test strips fru the sound source, mgmn,mm"m
period of irredistion, and the shorter the distance of sample from the sound
nm,wmdniﬁmtun%mmmmm Comparing the
wwwmuﬁmmunmmm,nwm
mmunwmnrmmmnmmmmum
dependent upon the temperature. Indications are, besed on our experiments, that
air-borms sound waves are nare detrimental to the viability of spores of
B, subtilis var. niger at /0 C, rather than at 50 or 60 C. The completion of
experiments now in progress will help to mere fully clarify the latter cbservatiom,
The importance of cur observations camnot be fully assessed at this time because
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of the lack of cosparative data in the sclentific litarature. It is pertinent
to cite, m, the work of Frings, Allen, and Rudnick (1948) which described
hiywis " of air-borne ultrasonic waves {about 19 ke) of a high
intenstty {about 1 vatt/ca?) produced by a siren, Mice were killed by axposures
aMmW, mewmmmmmm
orsmdmaymm,, 1In addition to mice, roaches and other insects were

also killed by exposure to air-borne sound waves. Our efforts have now demonstrated
that aireborne sound may also affect. the viability of lower forms of life, and in
mm,”mmmammmmmmmm
Extrapolating from the data cited above, 1t would appear that appropriate sound
mmumm'mummanm«ummw
aicrobial populstions which sre suspendsd in air in a variety of envircmments.
Quite often, sterilisation of thess residual populations is difficult, or
practically impossible to accamplish., It 1s cbvious thet the potentisl offered
by sound waves towards achieving this end warrents additional study. |

 The combined effects of ultrascnic waves and ethylens oxide in inhibiMing
spores of B. subtilis war. niger sppears, in some of owr experiments, to be
superior t0 the use of either agect alone. The failure of all experiments o
show identical tremds 1s sttributed to the difficulties attending the tranefer of
the highly valatile ethylens oxide to our test chamber, Never the less, if
Wﬂmm@tomm\mw"ormmau
amounts of ethylens oxide, greater reprodueibility of results obtained follows.
In view of the difficnlty cited, it is attractive to consider additional studies

of this type using propylens oxide instead of ethylene oxids, The microbicidsl
sctivity of gaseous propylene oxide from s gusntitetive point of wview bae bern
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mymmm(m). They reported that & 90% kill of spores
amm:w.mmwummmmmnﬁcm
;rm-uuawnrass. Nost attractive is the fact that propylens oxide hes
.m;uﬂ;:&cmmuuummmotmm,
6. Future Effort,

_ The inwestigation of ultrasonic waves on the viability of spores of
g.muuam.‘muumum. Pollowing the temperature study, it is
planned to run experiments which inclnds varistions in the frequencies of the
sound waves and in the relative mmidity. Beyond this, a study of the effect of
Mmm%nmfmc&n“muw

. Brtwrts | _anummmmmbM
mmummnnumm 4 1s expected that the use of
propylens oxide will elininats mexy of the probless coincidental to the ethyleve
oxide system. Over and above this, the data eccamlated with propylame axide
will serve as a basis for comparstive experimsnts involving ethylans oxide.

b, m.n.,c.n.nhn,m:.mk.m mmumormuarm
wwuummmm Je Coll, Comp. Phyniel.
: 3 - ™

8. Publicatiom,
As indicated in the last report, a paper sumnarizing the results of the

.1mudphaudthupmjmummprummt&¢ A draft of this

pepar will bo sulwitted as soon as it is available which, most likely, will be
within the next L6 weeks.




